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(54) POINTING DEVICE 



(57) A pointing device is provided which facilitates 
the assembly, achieves downsizing and has a long life . 
Magnetic sensors 21 are placed symmetrically two by 
two along an X axis and Y axis on a printed circuit board 
24. A switch 28 is placed on a silicone resin 23 side sur- 
face of the printed circuit board 24 to provide a switch 
function achieved by depressing a magnst cover 25 to- 



ward the magnet 22. The pointing device, a device for 
outputtlng coordinate values of an Input point, can not 
only output the coordinate values, but also make a de- 
cision by the switch function . A silicone resin 23 is easy 
to deform caused by an external force, and returns Its 
Initial state without the applied externaJ force as soon 
as the external force Is removed. 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a pointing de- 
vice used as an Input device of a personal computer or 
mobile phone, and more particularly to a magnetic de- 
tecting type pointing device for Inputting coordinate de- 
tection Information or vector Information by detecting 
ambient magnetic field changes caused by In the move- 
ment of a magnet . In addition, It relates to a magnetic 
sensor array suitable for these pointing devices, and to 
a pointing device manipulation adapter 



10 



BACKGROUND ART 

[0002] Fig . 4 is a block diagram showing a magnetic 
detecting circuit of a conventional magnetic detecting 
type pointing device. In Fig. 4, a detecting section 1 in- 
cludes four magnetic sensors (such as Hall effect devic- 
es, semiconductor magneto resistive elements, ferro- 
magnetic magnetoreslstlve elements, GMR devices) 1 1 . 
The four Hall effect devices 1 1 are placed symmetrically 
two by two along the X and Y axes . A magnet Is dis- 
posed close to the center of the four Hall effect devices 
symmetrically placed on the X and Y axes . The output 
voltages of the Hall effect devices 11 vary In response 
to the changes in the magnetic field caused by a move- 
ment of the magnet. Differential amplifiers 2 differential- 
ly amplify the outputs of the Hall effect devices 1 1 on the 
X axis and Y axis, respectively. They are preset such 
that their outputs become zero when the magnetic field 
in the Z axis direction Is symmetric with respect to the 
origin 0, that Is, when the magnetization direction of the 
magnet is In the vertical direction. The system is config- 
ured such that the differential amplifiers 2 generate out- 
puts in response to the movement of the magnet, and 
that a detection controllers converts the outputs (analog 
values) to an X coordinate value and Y coordinate value, 
and an output controller 4 outputs them. 
[0003] Preferably, the magnet Is disposed In such a 
manner that Its magnetization axis coincides with the 
centerline of the Hall effect device array, that is, with the 
symmetry line, and a reference position is determined 
such that the magnetic flux density becomes symmetric 
with respect to the centerline of the Hall effect device 
array, in this case, since the Hall effect devices, which 
are placed at the position symmetric with respect to the 
centerline, generate the differential outputs, the differ- 
ential output becomes zero at the reference position in 
an ideal case where the Hall effect devices have no var- 
iations or error In performance. 
[0004] As the magnet moves, the differential amplifi- 
ers 2 produce their outputs In response to the move- 
ment. The detection controller 3 converts the outputs 
(analog values) to the X coordinate value and Y coordi- 
nate value, and the output controller 4 outputs them. It 
Is not always necessary for the outputs at the reference 
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position to be zero . An accurate displacement can be 
obtained by detecting the difference of the differential 
outputs of the Hall effect devices corresponding to the 
disposition of the magnet with reference to their dlffer- 
. entlal outputs at the reference position. 
[0005] As an example of a support structure enabling 
the movement of the magnet, a construction as shown 
in Fig. 5 has been proposed. It is configured such that 
a coiled spring 34 supports a magnet 32 at its end, and 
that magnetic sensors 31 , which are disposed on a print- 
ed circuit board on which the coiled spring 34 Is mount- 
ed, detect the movement of the magnet 32. 
[0006] Anothersupportstructure ofthe magnet is con- 
figured as shown In Fig. 6. It Includes a magnet case 45 
containing a magnet 42, a coiled spring 44 attached to 
an end of the magnet case 45 via a coiled spring holder 
46, and a magnet actuator 47 for supporting the colled 
spring 44. 

[0007] An ordinary touch type pointing device is con- 
figured such that two sets of comb-like electrodes are 
formed on a printed circuit board, and a conductive rub- 
ber is pressed thereon to vary the conducting state, and 
to output the coordinate values as digital values. 
[0008] However, a problem common to these magnet 
support structures of the magnetic detecting type point- 
ing devices Is that they require not only the magnet, but 
also a variety of other components such as a colled 
spring or magnet case . In particular, using the colled 
spring presents a problem such as positioning the mag- 
net at the origin In the assembly. In addition, they have 
a problem of hindering the size reduction of the pointing 
devices because the support structures are considera- 
bly greater than the magnet Itself. 
[0009] In summary, the conventional techniques have 
problems of requiring a complicated magnet support 
structure to support the magnet thereon, and of being 
difficult to assemble them and to downsize them. Fur- 
thermore, as for the touch type pointing device, since 
the conductive rubber Is pressed every time the Input is 
made, It Is unavoidable that the repeated Input can Im- 
pair the conductive rubber, thereby reducing Its life. 
[0010] Japanese patent Application publication No. 
7-1 1 7876 (1 995) discloses a pointing control device for 
moving a pointer or cursor on a computer display to a 
desired position on the display. The pointing control de- 
vice has Its slider be moved along a dome, and has mag- 
netic sensors detect magnetic flux changes from a mag- 
net attached to the slider. 

[0011] However, this type of the pointing device has 
a problem of being it difficult to form a thin -structure be- 
cause the magnet is inclined along the dome, thereby 
leaving room for Improvement In the thin -structure ofthe 
device and In the ease of operation. In addition, It has 
been desired to develop a manipulation adapter for 
making the operation of the pointing device easier 
[0012] The present invention is implemented to solve 
these problems. Therefore an object of the present In- 
vention is to provide a pointing device capable of faclll- 
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tatlng the assembly, downsizing and prolonging the life. 
[0013] Another object of the present invention Is to 
provide a pointing device with a high degree of ease of 
use, which has a thin -structure and generates a large 
output In case of using a magnet with a small magnetic 
force. 

[0014] Still another object of the present invention is 
to provide a pointing device with a high degree of ease 
of use, which has a thin-walled structure and hence en- 
ables a large output using a magnet with a small mag- 
netic force by using a magnetic sensor array, and Its 
magnetic sensors capable of automatically aligning an 
initial position of the magnet used as a position input of 
the pointing device. 

[0015] Another object of the present invention Is to 
provide a pointing device manipulation adapter with a 
high degree of ease of use, which generates a large out- 
put In case of using a magnet with a small magnetic 
force. 

DISCLOSURE OF THE INVENTION 
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[0016] To accomplish the foregoing objects, accord- 
ing to an aspect of the present Invention, there is pro- 
vided a pointing device comprising: a printed circuit 25 
board; a resin layer on the printed circuit board; a mag- 
net placed on and protruding from the resin layer, and 
a plurality of magnetic sensors attached to the printed 
circuit board, for detecting ambient magnetic flux den- 
sity changes caused by displacement or Inclination of 30 
the magnet, wherein the pointing device outputs coor- 
dinate values of an Input point . 
[0017] As the magnetic sensors, a variety of magnetic 
sensors are applicable such as Hall effect devices, Hall 
ICs, magnetoreslstive elements (MR elements) ,magne- 
toreslstlve ICs (MRIC), reed switches. For an analog 
output pointing device, analog output magnetic sensors 
are preferable, and for a digital output pointing device, 
digital output magnetic sensors are preferable. 
[0018] The pointing device may further comprise a 
switch on a resin side surface of the printed circuit board. 
It may further comprise a protrusion formed on the resin 
layer and facing the switch, to depress the switch. Al- 
though any switches including pushbutton switches can 
be used as the switch, those switches are appropriate: « 
a tactile switch that enables a user to confirm the de- 
pression (with providing a feeling of a click) and auto- 
matically returns to a normal position after pushing the 
switch; or a switch that checks a target object by making 
use of physical contact with it such as a tact switch, so 
touch switch, and stroke switch. 
[0019] As for the magnet, there is no restrictive con- 
dition on Its type: a variety of commonly mass-produced 
magnets are applicable such as ferrlte magnets, samar- 
ium-cobalt magnets, neodymium magnets. To achieve 55 
downsizing of the pointing device, the downsizing of the 
magnet Is essential . Accordingly, It Is preferable to use 
a samarium-cobalt magnets or neodymium magnets 



that can generate Intense magnetic field even though 
small in size. 

[0020] The magnet and resin may be replaced by a 
rubber magnet . As for the rubber magnet, there is no 
restrictive condition on Its type: a variety of commonly 
mass-produced rubber magnets are applicable such as 
aferrite grouprubbermagnets , neodymium rubber mag- 
nets, and plastic magnets. To reduce the thickness of 
the pointing device, it Is essential to reduce that of the 
magnet. Accordingly, a neodymium group plastic mag- 
net is preferable that can generate Intense magnetic 
field even though small In size. 
[0021] As the resin layer, an elastic resin is preferable. 
As for the elastic resin, although there Is no restrictive 
condition on Its type, a silicone resin, which has a wide 
variety of applications, Is preferable because It is low 
cost and easily available. 

[0022] It Is preferable that the resin layer and printed 
circuit board do not have their opposing faces glued. 
[0023] Th e magnetic sensors may be placed symmet- 
rically along X axis and Y axis on a plane, and the mag- 
net may be disposed at about a center of the magnetic 
sensors. 

[0024] The foregoing structure can facilitate the as- 
sembly, enable downsizing and increase the life of the 
product, thereby being able to promote a wide variety of 
applications . 

[0025] In the pointing device In accordance with the 
present Invention, the resin and magnet may be glued 
at only a center of the magnet. 
[0026] By thus gluing only the center of the magnet 
rather than gluing the entire contact faces between the 
magnet and resin when mounting the magnet on the res- 
in, It becomes possible to make effective use of the elas- 
ticity of the resin, thereby being able to Increase the ro- 
tatable angle (braking range) of the magnet. 
[0027] In addition, it is preferable to provide a hollow 
to make the portion and Its surroundings, at which the 
magnet is mounted on the resin, thinner than the re- 
maining portion at which the magnet is not mounted. 
[0028] Thethlnnerthethlcknessof theresln underthe 
magnet is, the greater the rotatable angle (movable 
range) of the magnet becomes. Thus, it is preferable to 
thin the portion in the resin expected to be moved. 
[0029] Furthermore, when the resin is thinned for the 
reason described above, although the movable range 
increases, the hollow In the resin can be collapsed when 
the pointing device Is manipulated . To prevent the col- 
lapse, it is preferable to provide one or more projections 
on the printed circuit board side surface of the resin. The 
projections offer marked advantages In preventing the 
collapse of the entire resin when they are provided near 
the outer edge of the hollow of the resin. 
[0030] To accomplish the foregoing objects, accord- 
ing to one aspect of the present invention, there is pro- 
vided a pointing device comprising: a printed circuit 
board; a plurality of magnetic sensors placed on the 
printed circuit board; an elastic member mounted on the 
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printed circuit board to constitute a hollow for enabling 
sway In any desired direction; a pushing member 
formed on the elastic member to constitute the hollow 
together with the elastic member; and a magnet fixed to 
the pushing member, wherein the plurality of magnetic 
sensors detect magnetic flux density changes caused 
by the displacement of the magnet due to elastic defor- 
mation of the elastic member, and output one of coordi- 
nate Information or vector information about an Input 
point. 

[0031 J According to another aspect of the present In- 
vention, there is provided a pointing device comprising: 
a printed circuit board: a plurality of magnetic sensors 
placed on the printed circuit board; an elastic member 
mounted on the printed circuit board to constitute a hol- 
low for enabling sway In any desired direction; and a 
magnet placed on the elastic member, wherein the plu- 
rality of magnetic sensors detect magnetic flux density 
changes caused by the displacement of the magnet due 
to elastic deformation of the elastic member, and output 
one of coordinate Information or vector information 
about an input point. 

[0032] The magnet may be dlsplaceable In a direction 
perpendicular to the printed circuit board. 
[0033J It is preferable that the elastic member have at 
least one bend that forms the hollow. 
[0034] The bend preferably Includes a U grooved un- 
dercut. The U grooved undercut may have a depth less 
than the thickness of the elastic member. 
[0035] The bend of the elastic member may have a 
chamfer or rounding. 

[0036] The elastic member may have a pushing mem- 
ber on Its top surface. The top surface of the pushing 
member is preferably one of a roughened surface, con- 
cave surface, convex surface, convex quadrilateral pyr- 
amid and concave quadrilateral pyramid. The pointing 
device may further comprise a switch on the hollow side 
surface of the printed circuit board. The switch may be 
a tactile switch. 

[0037] To accomplish the foregoing objects, accord- 
ing to the present Invention, there is provided amagnetlc 
sensor array for a pointing device, the magnetic sensor 
array comprising: a printed circuit board; a plurality of 
magnetic sensors placed on the printed circuit board in 
a specified arrangement, for detecting magnetic flux 
density changes and for outputtlng coordinate informa- 
tion or vector Information about an input point; and a 
magnet or ferromagnetic material placed at a specified 
position with respect to the plurality of magnetic sen- 
sors. 

[0038] The magnet may be placed at an equidistant 
position from the magnetic sensors. 
[0039] The four magnetic sensors may be placed at 
four equidistant positions from the magnet, which is 
placed at a center of the magnetic sensors. 
[0040] To accomplish the foregoing objects, accord- 
ing to one aspect of the present Invention, there is pro- 
vided a pointing device manipulation adapter comprfs- 
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Ing a magnet, wherein the pointing device manipulation 
adapter Is to be fitted to a pointing device Including a 
magnet and a plurality of magnetic sensors for detecting 
a position of the magnet. 

[0041] The pointing device manipulation adapter may 
further comprise an elastic member to be fitted to the 
pointing device, and a manipulation member mounted 
on the elastic member. 

[0042] The pointing device manipulation adapter may 
further comprise a hold-down member to be fitted to the 
pointing device; and a manipulation member whose dis- 
placement is checked by the hold-down member. 
[0043] The magnet may be embedded in elastic mem- 
ber or in the manipulation member. 
[0044] According to an aspect of the present Inven- 
tlon, there is provided a pointing device manipulation 
adaptercomprlslng: an elastic member that is tobe fitted 
to a pushing member of a pointing device, and that con- 
stitutes a hollow formaking the elastic member swaya- 
ble In any desired direction; and a manipulation member 
mounted on the elastic member, wherein the pointing 
device Includes a magnet and a plurality of magnetic 
sensors for detecting magnetic flux density changes 
caused by displacement of the magnet due to elastic 
deformation of the elastic member, and outputs one of 
coordinate Information and vector Information about an 
Input position. 

[0045] The pointing device manipulation adapter may 
further comprise a magnet fitted Into the elastic member 
and projecting toward the hollow. It may further com- 
prise a magnet placed on the manipulation member, and 
projecting toward the hollow. 

[0046] According to another aspect of the present In- 
vention, there is provided a pointing device manipulation 
adapter comprising: an elastic member placed on a 
pushing member of a pointing device, and swayable In 
any desired direction; a manipulation member mounted 
on the elastic member; and a hold-down member fitted 
to an edge of the pushing member for restating dis- 
placement of the manipulation member, wherein the 
pointing device Includes a magnet and a plurality of 
magnetic sensors for detecting magnetic flux density 
changes caused by displacement of the magnet due to 
elastic deformation of the elastic member, and outputs 
one of coordinate Information and vector Information 
about an Input position. 

[0047] The manipulation member may be provided 
with a magnet. The top surface of the manipulation 
member may be one of a roughened surface, concave 
surface, convex surface, convex quadrilateral pyramid 
and concave quadrilateral pyramid. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0048] 

Fig . 1 1s across-sectional view showing a structure 
of an embodiment of the pointing device In accord- 
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ance with the present Invention; 
Fig. 2 is a cross -sectional view showing a structure 
of another embodiment of the pointing device In ac- 
cordance with the present Invention; 
Fig. 3 Is a cross-sectional view showing a structure 5 
of still another embodiment of the pointing device in 
accordance with the present invention; 
Fig. 4 is a block diagram showing a configuration of 
a magnetic detecting circuit of both a conventional 
example and an embodiment of the pointing device 1 o 
In accordance with the present Invention; 
Fig . 5 Is a view showing an example of a magnet 
support structure used by a conventional pointing 
device; 

Fig . 6 Is a view showing another example of a mag- 15 
net support structure used by a conventional point- 
ing device; 

Fig. 7 Is a cross -sectional view showing a structure 
of another embodiment of the pointing device in ac- 
cordance with the present Invention; 20 
Fig. B Is a cross-sectional view showing a structure 
of still another embodiment of the pointing device In 
accordance with the present Invention; 
Figs. 9A and 9B are views showing a structure of 
another embodiment of the pointing device in ac- 25 
cordance with the present Invention: Fig. 9A is Its 
cross-sectional view, and Fig. 9B is Its plan view; 
Figs. 1 0A and 1 0B are views showing a structure of 
another embodiment of the pointing device In ac- 
cordance with the present invention: Fig. 10A Is Its 30 
cross-sectional view, and Fig. 1 0B is its plan view; 
Fig. 11 is a cross-sectional view showing a structure 
of still another embodiment of the pointing device In 
accordance with the present Invention; 
Figs. 12A and 12B are cross-sectional views lllus- 35 
tratlng operablllty of the pointing device In accord- 
ance with the present invention: Fig. 12A shows left 
direction sway, and Fig. 12B shows right direction 
sway; 

Fig. 1 3 Is a cross-sectional view showing a relation- *o 
ship between the thickness and the depth of an un- 
dercut of an elastic member; 
Figs. 14A-1 4D are cross-sectional views showing a 
variety of shapes of thin-wall portions: Fig. 14A 
shows a U grooved undercut; Fig. 14B shows a 45 
chamfer; Fig. 14C shows a rounding; and Fig. 14D 
shows a w grooved undercut; 
Fig. 1 5 Is a cross-sectional view showing a structure 
of another embodiment of the pointing device in ac- 
cordance with the present invention; so 
Figs. 16A and 16B are views showing an embodi- 
ment of the magnetic sensor array in accordance 
with the present Invention: Fig. 16A Is a cross-sec- 
tlonai view; and Fig. 16B Is a plan view; 
Fig. 1 7 is a cross-sectional view showing a structure 55 
of an embodiment of the pointing device using the 
magnetic sensor array In accordance with the 
present Invention; 



Figs. 18A and 18B are cross-sectional views illus- 
trating operablllty of the pointing device In accord- 
ance with the present Invention: Fig. 18A shows left 
direction sway, and Fig. 18B shows right direction 
sway; 

Fig. 1 9 Is a cross-sectional view showing a structure 
of another embodiment of the pointing device in ac- 
cordance with the present Invention; 
Fig. 20 Is a cross-sectional view showing a structure 
of still another embodiment of the pointing device In 
accordance with the present Invention; 
Fig. 21 Is a cross-sectional view showing a structure 
of still another embodiment of the pointing device in 
accordance with the present Invention; 
Fig. 22 Is a graph Illustrating outputs from the Hall 
effect device array In accordance with the present 
invention (an embodiment) and outputs from an or- 
dinary Hall effect device array without Including a 
magnet (example for comparison); 
Fig. 23 Is a graph Illustrating the Z component (mag- 
neto-sensitive axis direction component) of the 
magnetic flux density on the X axle on the magneto- 
sensitive plane of Hall effect devices; 
Fig. 24 is a graph Illustrating changes In the 2 com- 
ponent of the magnetic flux density when the mag- 
net of the pointing device Is displaced In the X axis 
direction with respect to the example for compari- 
son of Fig. 23; 

Fig. 25 Is a graph Illustrating changes In the Z com- 
ponent of the magnetic flux density when the mag- 
net of the pointing device is displaced in the X axis 
direction as In Fig. 24 with respect to the embodi- 
ment of Fig. 23; 

Fig. 26 is an enlarged diagram of Fig. 25; 
Fig. 27 is a cross-sectional view showing a structure 
of an embodiment of the pointing device and ma- 
nipulation adapter in accordance with the present 
Invention; 

Figs. 28A and 28B are cross-sectional views show- 
ing operablllty of the pointing device In accordance 
with the present Invention: Fig . 28A shows a right 
direction sway; and Fig. 28B shows a left direction 
sway; 

Fig. 29 is a cross-sectional view showing a structure 
of another embodiment of the pointing device ma- 
nipulation adapter in accordance with the present 
Invention, Illustrating a state In which the adapter is 
mounted on the pointing device; 
Fig. 30 is a cross-sectional view showing a structure 
of still another embodiment of the pointing device 
manipulation adapter In accordance with the 
present Invention, Illustrating a state In which the 
adapter Is mounted on the pointing device; and 
Fig. 31 is a graph illustrating relationships between 
the displacement of a magnet and the outputs of the 
pointing devices. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0049] The best mode for carrying out the Invention 
will now be described with reference to the accompany- 
ing drawings . 

[0050J A block diagram showing a configuration of the 
magnetic detecting circuit of a magnetic detecting type 
pointing device In accordance with the present Invention 
Is the same as that of the conventional circuit as shown 
in Fig. 4. Specifically, the detecting section 1 Includes 
four magnetic sensors (such as Hall effect devices) 1 1 , 
and the four Hall effect devices 11 are placed symmet- 
rically two by two along the X and Y axes . The magnet 
Is disposed close to the center of the four Hall effect de- 
vices. The output voltages of the Hall effect devices 1 1 
vary in response to the magnetic field changes caused 
by the movement of the magnet. The differential ampli- 
fiers 2 differentially amplify the outputs of the Hall effect 
devices 11 on the X axis and Y axis respectively. They 
are preset such that their outputs become zero when 
the magnetic field In the 2 axis direction Is symmetric 
with respect to origin O, that Is, when the magnetization 
direction of the magnet is In the vertical direction. The 
system Is configured such that the differential amplifiers 
2 generate outputs in response to the movement of the 
magnet, and that the detection controller 3 converts the 
outputs (analog values) to the X coordinate value and 
Y coordinate value, and the output controller 4 outputs 
them. 

[0051] Fig. 1 is a cross-sectional view showing a 
structure of an embodiment of the pointing device in ac- 
cordance with the present Invention, in Fig. 1 , reference 
numerals 11 designate the magnetic sensors. The ref- 
erence numeral 12 designates a magnet, 13 designates 
a silicone resin, 14 designates a printed circuit board, 
and 1 5 designates a magnet cover. As described above,' 
the magnetic sensors 1 1 are disposed on the printed cir- 
cuit board 1 4 In such a manner that they are symmetric 
two by two along the X axis and Y axis, respectively. The 
magnet 12 Is magnetized In the vertical direction, though 
the direction of the magnetization is not limited. The op- 
posing faces of the silicone resin 13 and printed circuit 
board 14 are not glued. 

[0052] The silicone resin 1 3 is deformed easily by an 
external force, and restores to Its Initial state as soon as 
the external force is removed. Thus, In response to a tilt 
of the magnet cover 15 In a certain direction by a ma- 
nipulation, the magnet 12 Is also tilted. However, it re- 
turns to its initial state as soon as the external force is 
removed, which corresponds to the action of the coiled 
spring In the conventional magnet support structure. Us- 
ing the silicone resin 13 can reduce the number of com- 
ponents, facilitate the assembly and achieve downsiz- 
ing. The magnet 12 and silicone resin 13 can be re- 
placed by a rubber magnet. 

[0053] In addition, since the magnetic detecting type 
pointing device Is free from the wear of the components 
due to contact, It can prolong the life as compared with 
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the touch type pointing device. 
[0054] Fig. 2 is a cross-sectional view showing a 
structure of another embodiment of the pointing device 
in accordance with the present Invention, it includes a 
switch 28 disposed under the silicone resin 23 of an em- 
bodiment as shown in Fig. 1 to provide the pointing de- 
vice with a switch function. In other words, it places the 
switch 28 on the printed circuit board 24 at the side of 
the silicone resin 23. 

[0055] Although the pointing device is fundamentally 
a device for producing the coordinate values of an input 
point, the switch function enables the pointing device not 
only to produce the coordinate values, but also to have 
a decision function. The switch function Is achieved by 
pressing the magnet cover 25 toward the magnet 22. 
The switch provides the pointing device with two signals, 
the coordinate values and decision signal, Just as a 
mouse for a personal computer . 
[0056] Although any switches including pushbutton 
switches can be used as the switch 28, the following 
switches are appropriate: a tactile switch that enables a 
user to confirm the depression (with providing a feeling 
of a click) and automatically returns to a normal position 
after pushing the switch; or a tact switch or touch switch 
that confirms a target object by utilizing physical contact 
with the target object. 

[0057] The foregoing embodiment of the pointing de- 
vice places the magnetic sensors 1 1 on the bottom sur- 
face of the printed circuit board 14, which is farther away 
from the magnet 1 2 than the top surface thereof. If they 
can be placed on the top surface of the printed circuit 
board 14 closer to the magnet 12 as shown In Fig. 3, a 
more high sensitive pointing device can be achieved be- 
cause of an increase In the output sensitivity of the mag- 
netic sensors 1 1 . The present invention is not limited to 
the foregoing embodiments, but Is applicable to a variety 
of variations, 

[0058] Next, a prototype In accordance with the 
present invention will be described below. 
[0059] The pointing device with the structure as 
shown in Fig . 2 was built as a prototype . As the mag- 
netic sensors 21, four Hall effect devices, HG-106C 
(trade name), manuf acturedby Asahi Kasei Electronics 
Co . , Ltd . were used . The diagonal distance between 
the centers of the Hall effect devices disposed In a 
square was about 3.3 mm, As the magnet 22 , a samar- 
lum-cobart magnet 1, 4 mm In diameter and 2 mm In 
thickness was used. The magnetization direction of the 
magnet 22 is vertical and its top end being a north pole 
and bottom end being a south pole . As the printed cir- 
cuit board 24, a 0.7 mm thick glass epoxy board was 
used. The silicone resin 23 was 0.75 mm in thickness . 
As the switch 28, a 0. 1 5 mm thick tactile switch was em- 
ployed. 

[0060] The total area of the pointing device was about 
6 mm square and about 5 mm in thickness. The output 
voltages of the individual Hall effect devices 21 were 
measured with tilting the magnet 22. The outputs of the 
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Individual Hall effect devices 21 at the origin position 
were about 60 rnv*. When the magnet 22 was tilted to- 
ward the Hall effect devices 21 , the output voltages vary 
up to about 80 mV at the maximum. 
[0061] The range of the variations of the output volt- 
ages was about 20 mV. Considering that the differential 
amplifiers are used for the signal processing of the out- 
puts of the magnetic sensors 21 , and that an externally 
attached IC is used, It is evident that the support struc- 
ture of the magnet 22 satisfies the requirement for the 
output voltages of the magnetic sensors 21 as the point- 
ing device. 

[0062] In addition, it was confirmed that providing the 
tactile switch did not obstruct the function of the pointing 
device. 

[0063] As described above, the magnetic detecting 
type pointing device in accordance with the present in- 
vention is configured such that the magnet producing 
magnetic forces is disposed on the elastic resin and the 
magnetic sensors are placed on the printed circuit 
board, and that the magnetic sensors detect the ambient 
magnetic flux density changes caused by the displace- 
ment of the magnet, and output the coordinate values 
of the Input point . Accordingly, It can reduce the number 
of components such as the coiled spring required by the 
conventional magnet support structure, can facilitate the 
assembly, achieve downsizing, and prolong the lifetime. 
As a result, it can provide a pointing device meeting a 
variety of applications appropriately. 
[0064] Next, Fig. 7 Is a cross-sectional view showing 
a structure of another embodiment of the pointing device 
In accordance with the present Invention. In Fig. 7, the 
reference numerals 51 designate magnetic sensors. 
The reference numeral 52 designates a magnet, 53 des- 
ignates a silicone resin, 54 designates a printed circuit 
board, and 55 designates a magnet cover. As described 
above, the magnetic sensors 51 are placed on the print- 
ed circuit board 54 In such a manner that they are sym- 
metric two by two along the X axis and Y axis, respec- 
tively. The magnet 52 is magnetized in the vertical di- 
rection, though the direction of the magnetization is not 
limited. The magnet 52 and silicone resin 53 are glued 
to each other at their center with an adhesive 56. They 
are not glued to each other all over the contact faces, 
but only at their center to make effective use of the elas- 
ticity of the silicone resin 53, thereby being able to In- 
crease the rotatable angle (movable range) of the mag- 
net 52. Incidentally, the opposing faces of the silicone 
resin 53 and printed circuit board 54 are not glued. 
[0065] The silicone resin 53 is deformed easily by an 
external force, and returns to Its Initial state as soon as 
the external force Is removed. Thus, in response to a tilt 
of the magnet cover 55 In a certain direction by a ma- 
nipulation, the magnet 52 is also tilted. However, It re- 
turns to its initial state as soon as the external force is 
removed, which corresponds to the action carried out 
by the coiled spring In the conventional structure. Using 
the silicone resin 53 can reduce the number of compo- 



nents, facilitate the assembly and achieve downsizing. 
[0066] In addition, since the magnetic detecting type 
pointing device Is free from the wear of the components 
due to contact, It can prolong the life as compared with 
5 the touch type pointing device. 

[0067] Fig. 8 Is a cross-sectional view showing a 
structure of another embodiment of the pointing device 
In accordance with the present Invention. In Fig. 8, the 
same reference numerals designate portions having the 
10 same functions as those of Fig; 7. The configuration of 
Fig. 8 differs from that of Fig . 7 In that It Includes a hollow 
57 which is formed by thinning out a portion of the sill- 
cone resin 53 under the magnet 52, such that the portion 
becomes thinner than the remaining portion of the silt- 
's cone resin 53, on which the magnet 52 Is not mounted. 
The thinner the silicone resin 53 under the magnet 52 
Is, the greater the rotatable angle (movable range) of 
the magnet 52 will be . Thus, It is preferable to make the 
portion of the silicone resin 53 enabling the movement 
2 ° as thin as possible. 

[0068] Figs. 9A and 9B are views showing another 
embodiment of the pointing device In accordance with 
the present Invention: Fig. 9A Is a cross-sectional view; 
and Fig. 9B Is a plan view. In these figures, the same 
25 reference numerals designate portions having the same 
functions as those of Fig. 8. This embodiment Includes 
projections 58 provided In the hollow In the silicone resin 
53 in the embodiment of Fig. 6 . Although the movable 
range Increases by providing the hollow 57 by thinning 
30 out the silicone resin 53, the hollow In the silicone resin 
53 can be depressed entirely, when the pointing device 
is manipulated. To prevent the depression, the embod- 
iment provides one or more projections 58 on the sur- 
face of the silicone resin 53 at the side of the printed 
35 circuit board. The projections 58 offer marked advantag- 
es In preventing the depression of the entire silicone res- 
in 53 when they are provided near the outer edge of the 
hollow 57 of the silicone resin 53. Similar advantages 
can be achieved by providing one or more projections 
<° on the printed circuit board 54 toward the hollow 57. 
[0069] The foregoing embodiment places the mag- 
netic sensors 51 on the bottom surface of the printed 
circuit board 54, which is farther away from the magnet 
52 than the top surface thereof . If they can be placed 
on the top surface closer to the magnet 52, a more high 
sensitive pointing device can be achieved because of 
an Increase in the output sensitivity of the magnetic sen- 
sors 51. 

[0070] Figs. 10A and 1 0B are views showing an em- 
50 bodiment of such a pointing device : Fig. 1 0A is a cross- 
sectional view; and Fig. 1 0B Is a plan view. In Figs. 1 0A 
and 10B, the same reference numerals designate por- 
tions having the same functions as those of Figs. 9A and 
9B. The magnetic sensors 51 are placed on the top sur- 
55 face of the printed circuit board 54, which is closer to 
the magnet 52 than the bottom surface thereof , such 
that the magnetic sensors 51 protrude Into the hollow 
57. In this case, although the magnetic sensors 51 them- 
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selves can prevent the depression of the entire silicone 
resin 53 , the projections 58 near the outer edge of the 
hollow 57 can prevent the depression of the entire sill- 
cone resin 53 more positively. The present invention is 
not limited to the foregoing embodiments, but a variety 
of modifications can be carried out. 
[0071] As described above, the magnetic detecting 
type pointing device In accordance with the present In- 
vention Is configured such that the magnet producing 
magnetic forces is mounted on the elastic resin and the 
magnetic sensors are placed on the printed circuit 
board, and that the magnetic sensors detect the ambient 
magnetic flux density changes caused by the displace- 
ment of the magnet, and output the coordinate values 
of the Input point . Accordingly, it can reduce the number 
of components such as the coiled spring required by the 
conventional magnet support structure, facilitate the as- 
sembly, achieve downsizing, and prolong the lifetime. 
As a result, it can provide a pointing device capable of 
meeting a variety of applications appropriately. 
[0072] In addition, when placing the magnet on the 
resin, they are not glued to each other all over the con- 
tact face, but only at their center to make effective use 
of the elasticity of the resin, thereby being able to in- 
crease the rotatable angle (movable range) of the mag- 
net. 

[0073] Furthermore, since the portion of the resin, on 
which the magnet is mounted, is thinner than the re- 
maining portion of the resin, on which the magnet is not 
mounted, the rotatable angle (movable range) of the 
magnet can be increased. Besides, the projections pro- 
vided in the hollow of the resin can prevent the hollow 
to be depressed in its entirety. 
[0074] With the foregoing structure, the pointing de- 
vice In accordance with the present Invention can In- 
crease the rotatable angle (movable range) of the mag- 
net and the range of the outputs of the magnetic sen- 
sors, thereby being able to construct a more accurate 
and reliable pointing device. 

[0075] Fig. 11 Is a cross -sectional view showing a 
structure of another embodiment of the pointing device 
in accordance with the present Invention. In Fig. 1 1 , the 
reference numerals 61 designate magnetic sensors. 
The reference numeral 62 designates a magnet, 63 des- 
ignates a silicone resin as an elastic member, 64 desig- 
nates a printed circuit board, 65 designates apushlng- 
member, 66 designates a switch, 67 designates a hollow 
and 67a designates an undercut. As described above, 
the magnetic sensors 61 are disposed on the printed 
circuit board 64 in such a manner that they are symmet- 
ric two by two along the X axis and Y axis, respectively. 
The magnet 62 is magnetized In the vertical direction. 
[0076] When a user displaces the silicone resin 63 In 
a plane parallel to the printed circuit board 64, the sill- 
cone resin 63 sways on the fulcrum at the bottom of the 
undercut 67a, in conjunction with which the magnet 62 
sways in the same manner. 

[0077] Thus, the pointing device In accordance with 
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the present Invention is configured such that it compris- 
es the plurality of magnetic sensors 61 placed on the 
printed circuit board 64 ; the elastic member 63 Includ- 
ing the hollow 67 provided on the printed circuit board 
64 to enable the sway in a desired direction; and the 
magnet 62 mounted on the elastic member 63 , and that 
the plurality of magnetic sensors 61 detect the magnetic 
flux density changes caused by the sway of the magnet 
62 due to in the elastic deformation of the elastic mem- 
ber 63 , thereby outputtlng the coordinate Information or 
vector Information. 

[0078] The magnet 62 Is swayable In the horizontal 
direction, and is displacable in the direction perpendic- 
ular to the printed circuit board 64, thereby possessing 
flexibility enabling the magnet 62 to move In the hori- 
zontal and vertical directions with respect to the printed 
circuit board 64. 

[0079] The elastic member 63 has at least one bend 
and the undercut 67a formed in the bend to facilitate the 
swayabllity of the magnet 62. It Is preferable that the 
undercut 67a has a shape of a U grooved undercut as 
shown In Fig. 14A, the depth d of which is less than the 
thickness c of the elastic member 63 as shown In Fig. 
13. In addition, the notch can have one of the shapes of 
the chamfer as shown in Fig. 14B, rounding as shown 
in Fig. 14C and W grooved undercut as shown In Fia 
14D. 

[0080] In the hollow 67 , the switch 66 Is mounted on 
the printed circuit board 64 to provide the pointing device 
with the switch function. As the switch 66, a tactile switch 
is suitable that enables a user to confirm the depression 
(with providing a feeling of a click) and automatically re- 
turns to a normal position after pushing the switch, as 
described above. 

[0081] The pushing member 65 is preferably made of 
a rigid material to prevent the magnet 2 from being shak- 
en or hollowed or displaced when pressed by a finger. 
In particular, to reduce the Intensity of the leakage mag- 
netic field leakage outside, such a structure Is possible 
that uses a non-magnetic material as the pushing mem- 
ber 65, and separates the magnets from the pushing 
member surface, or conversely that uses a ferro mag- 
netic material with a high permeability to provide a mag- 
netic shield at the same time . For example, the pushing 
member 65 can be made of polycarbonate, or one of 
metals such as aluminum alloys, nickel-Iron alloys such 
as permalloys and pure iron. 

[0082] As for the magnetic detecting circuit , the con- 
ventional circuit as shown in Fig . 4 is applicable '. It is 
also possible to use the magnetoresistive elements dis- 
closed In the foregoing Japanese patent Application 
publication No.7-117876 (1995). 
[0083] With such a structure, being pushed In the di- 
rection of the arrow a as Illustrated In Fig. 12A, that Is, 
from right to left, the pushing member 65 moves in the 
left direction on the fulcrum at the coupling end of the 
elastic member 63 and the printed circuit board 64 . On 
the contrary, being pushed In the direction of the arrow 
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b as Illustrated In Fig. 12B, that Is, from left to right, the 
pushing member 65 moves In the right direction on the 
fulcrum at the coupling end of the elastic member 63 
and the printed circuit board 64. Thus, the magnet 62 
fixed to the elastic member 63 Is freely swayable . The 
manipulation Is carried out with the pad of the Index fin- 
ger or that of the thumb . In this case, considering the 
fitness with thef Inger pad, the top surface of the pushing 
member 65 is preferably one of a roughened surface, 
concave surface, convex surf ace, convex quadrilateral 
pyramid and concave quadrilateral pyramid. In addition, 
the pushing member 65 itself can have a plane view of 
one of thecircle, square, rectangle, octagon, ellipse and 
gear-like shape. 

[0084] Fig. 15 is a cross-sectional view showing a 
structure of another embodiment of the pointing device 
In accordance with the present Invention . Although the 
magnet 62 Is fixed to the elastic member 63 in Fig. 11 , 
this is not essential. For example, the magnet 6 2 can 
be f Ixed to the pushing member 65a, a nonelastic mem- 
ber constituting the hollow 67 together with the elastic 
member 63a as shown In Fig. 15. 
[0085] Next, a prototype in accordance with the 
present Invention will be described. 
[0086] The pointing device with the structure as 
shown In Fig. 11 was made as a prototype. As the mag- 
netic sensors 61, four Hall effect devices, HG-106C 
(trade name), manufactured by Asahl Kasel Electronics 
Co., Ltd. were used . The diagonal distance between the 
centers of the Hall effect devices was about 3.3 mm. As 
the magnet 62, a neodymium group magnet 2 mm in 
diameter and 0.5 mm in thickness was used. The mag- 
netization direction of the magnet is vertical and its top 
end being a north pole and bottom end Is a south pole. 
[0087] As the printed circuit board 64, a 0.6 mm thick 
glass epoxy board was used. The. silicone resin 63 was 
0.2 - 0.5 mm in thickness . As for the rubber hardness, 
although It must be determined In accordance with the 
designed thickness, ft is preferable that the standard 
rubber hardness should be about 30 - 60. As the switch 
66, a 0.16 mm thick tactile switch was employed. The 
thickness from the top surface of the printed circuit 
board 64 to the top surface of the pushing member 65 
was reduced to less than 2 mm, and the pushing mem- 
ber was made 6.4 mm In diameter. 
[0088] As described above, the pointing device In ac- 
cordance with the present Invention is configured such 
that it comprises the plurality of magnetic sensors 
placed on the printed circuit board; the elastic member 
including the hollow 67 that is mounted on the printed 
circuit board to enable the sway In a desired direction; 
the pushing member f Ixedto the elastic member In such 
a manner that It construct the hollow together with the 
elastic member; and the magnet mounted on the elastic 
member, and that the plurality of magnetic sensors de- 
tect the magnetic flux density changes caused by the 
sway of the magnet due to the elastic deformation of the 
elastic member, thereby outputting the coordinate infor- 



mation. Thus, It can make the pointing device thinner, 
and Implement the pointing device with the high degree 
of ease of use, enabling a large output even when the 
magnet with a small magnetic force is used. 
5 [0089] Figs. 1 6A and 1 6B are views showing a struc- 
ture of an embodiment of the magnetic sensor array in 
accordance with the present invention: Fig. 16A is a 
cross-sectional view; and Fig. 1 6B is a plan view. In Figs. 
16A and 16B, the reference numeral 81 designates a 
10 magnetic sensor array. "Die magnetic sensor array 81 
comprises four magnetic sensors 81a disposed at equi- 
distant positions from each other, and a magnet 81b 
placed at the center of the magnetic sensors 81a, in- " 
stead of the magnet 81b, a ferromagnetic material can. 
1* be used. It Is preferable In this case that the ferromag- 
netic material used have little fluctuations In the residual 
magnetization. In addition, although the magnetic sen- 
sors 81a are disposed at the four corners of a square, 
they can be placed like forming a rhombus. 
20 [0090] Fig. 17 Is a cross-sectional view showing a 
structure of an embodiment of the pointing device using 
the magnetic sensor array in accordance with the 
present Invention, in Fig . 17, the reference numeral 82 
designates a magnet, 83 designates a silicone resin as 
25 an elastic member, 84 designates a printed circuit 
board, 85 designates a pushing member, 87 designates 
a hollow and 87a designates a undercut . A magnetic 
sensor array 91 Includes bare chips 91 a of the Hall effect 
devices placed on the diagonals of a square; and a mag- 
30 net 91 b placed at the center and glued to a surface of 
the ceramic printed circuit board 90 with a resin . The 
bare chips 91a and magnet 91b are coated with an 
epoxy resin 91c by potting . The magnet 82 Is magnet- 
ized In the vertical direction. 
35 [0091] When a user displaces the silicone resin 83 
placed In a plane parallel to the printed circuit board 84, 
the silicone resin 83 sways on the fulcrum at the edge 
of the undercut 87a, in conjunction with which the mag- 
net 82 sways In the same manner. 
<* [0092] Thus, the pointing device in accordance with 
the present Invention Is configured such that it compris- 
es the plurality of the magnetic sensor array 91 placed 
on the printed circuit board 84; the elastic member 83 
including the hollow 87 mounted on the printed circuit 
43 board 84 to enable the sway In a desired direction; and 
the magnet 82 mounted on the elastic member 83, and 
that the plurality of magnetic sensor array 91 detect the 
magnetic flux density changes caused by the slide of 
the magnet 82 due to in the elastic deformation of the 
so elastic member 83, thereby outputting the coordinate in- 
formation or vector Information. 
[0093] The magnet 62 Is swayable in the horizontal 
direction, and is dlsplaceable in the direction perpendic- 
ular to the printed circuit board 84, thereby providing 
55 flexibility enabling the magnet 82 to move in the hori- 
zontal and vertical directions with respect to the printed 
circuit board 84. 

[0094] The elastic member 83 has a bend and the 
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notch 87a formed In the bend to facilitate the swayabillty 
of the magnet 82. It Is preferable that the notch 87a have 
a shape of a U grooved undercut, and the depth of the 
U grooved undercut be less than the thickness of the 
elastic member 83. In addition, the notch can have one 
of the shapes of the chamfer, rounding and W grooved 
undercut. 

[0095] The pushing member 85 Is preferably made of 
a rigid material to prevent the magnet 82 from being 
shaken or hollowed or displaced when pressed by a fin- 
ger. In particular, to reduce the Intensity of the leakage 
magnetic field leakage outside, such a structure Is pos- 
sible that uses a non-magnetic material as the pushing 
member, and separates the magnet from the pushing 
member surface, or conversely that uses aferro mag- 
netic material with a high permeability to provide a mag- 
netic shield at the same time . For example, the pushing 
member 85 can be made of polycarbonate, or one of 
metals such as aluminum alloys, nickel-iron alloys such 
as permalloys and pure Iron. 
[0096] As the magnetic detecting circuit, the conven- 
tional circuit as shown In Fig. 4 Is applicable . It is also 
possible to use the magneto resistive elements dis- 
closed In the foregoing Japanese patent Application 
publication No. 7-117876 (1995). 
[0097] According to such a configuration, the pointing 
device Is constructed such that the magnet 82 opposes 
the magnet 91b of the magnetic sensor array fixed to 
the printed circuit board 84 so that the magnets 91b and 
82 attract each other by the magnetic force, thereby be- 
ing automatically aligned to the initial position. This sim- 
plifies the alignment In the assembly. More specifically, 
since the magnetization direction of the magnet 82 of 
the pointing device is set to exert the attractive force be- 
tween them when the magnet 82 is placed closed to the 
magnet 91b of the magnetic sensor array, they rest at 
the position where the distance between them is mini- 
mum. Consequently, the relative position between the 
magnet of the pointing device and that of the magnetic 
sensor array is set automatically. In this case, It is pref- 
erable that their opposing faces have the same geom- 
etry and size. 

[0096] As for the pointing device thus built , being de- 
pressed in the direction of the arrow a as illustrated in 
Fig. 1 8A, that Is, from right to left, the pushing member 
85 moves in the left direction on the fulcrum at the cou- 
pling end of the elastic member 83 and the printed circuit 
board 84. On the contrary, being pushed In the direction 
of the arrow b as illustrated in Fig. 1 8B, that is, from left 
to right, the pushing member. 85 moves in the right di- 
rection on the fulcrum at the coupling end of the elastic 
member 83 and the printed circuit board 84. Thus, the 
magnet 82 mounted on the elastic member 83 is freely 
swayable. The manipulation Is carried out with the pad 
of the index finger or that of the thumb. In this case, con- 
sidering the fitness with the finger pad, the top surface 
of the pushing member 85 is preferably one of a rough- 
ened surf ace , concave surface, convex surface, con- 



vex quadrilateral pyramid and concave quadrilateral 
pyramid. In addition, the pushing member 85 can have 
a plane view of one of the circle, square, rectangle, oc- 
tagon, ellipse and gear-like shape. 
5 [0099] Fig. 19 is a cross-sectional view showing a 
structure of another embodiment of the pointing device 
in accordance with the present invention. Although the 
magnet 82 Is fixed to the elastic member 83 In Fig. 17, 
this Is not essential. For example, as shown In Fig . iB t 
io the magnet 82 can be fixed to the pushing member 85a,' 
a nonelastlc member constituting the hollow 87 together 
with the elastic member 83a. 

[0100] In the hollow 87, the switch 86 is mounted on 
the printed circuit board 84 to provide the pointing device 
« with the switch function. As the switch 86, a tactile switch 
is suitable that enables a user to confirm the depression 
(with providing a feeling of a click) and automatically re- 
turns to the normal position after pushing the switch. 
[0101] Fig. 20 is a cross-sectional view showing a 
*> structure of still another embodiment of the pointing de- 
vice In accordance with the present invention. In Fig. 20, 
the reference numeral 68 designates a covering mem- 
ber, and 89 designates an manipulation member Includ- 
ing the magnet 82. To prevent the manipulation member 
25 89 from dropping off, the covering member 88 has a col- 
lar 88a for holding down a flange 89a at the bottom of 
the manipulation member 89. The covering member 88 
is fastened to the printed circuit board 84 with fixing pins. 
Incidentally, the present embodiment does not Include 
30 the switch 86. 

[0102] According to such a configuration, the pointing 
device is constructed such that the magnet 82 opposes 
the magnet 81 b of themagnetlc sensor array fixed to the 
printed circuit board 84 as described above so that the 
35 magnets 81 b and 82 attract each other by the magnetic 
force, thereby being automatically aligned to the Initial 
position. This simplifies the alignment in the assembly. 
In addition, a small amount of displacement Is automat- 
ically corrected by the slide of the manipulation member. 
to [0103] Fig. 21 Is a cross -sectional view showing a 
structure of still another embodiment of the pointing de- 
vice In accordance with the present invention. In Fig. 21 , 
• the reference numeral 101a designates a spacer in 
which a hollow for containing the switch 86 is formed; 
and 101b designates an elastic plate placed on the 
spacer 101a. The elastic plate has a protrusion 1 01 c for 
pushing the switch 86. 

[0104] On the elastic plate 101b, the manipulation 
member 89 and covering member 88. are provided as 
so shown in Fig. 20 in such a manner that the collar 88a of 
the covering member holds down the flange 89a of the 
manipulation member 89. The printed circuit board 84, 
spacer 101a, elastic plate 101b and.the covering mem- 
ber 88 are fastened with fixing pins. 
55 [0105] Next, a prototype in accordance with the 
present invention will be described. 
[0106] The pointing device with the structure as 
shown In Fig . 1 7 was built as a prototype . As the mag- 
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netic sensor array, four Hall effect devices, HQ-106C 
(trade name), manufactured by Asahi Kasel Electronics 
Co., Ltd . were used . On the ceramic printed circuit 
board, the four bare chips (0.4 mm x 0.4 mm) of the 
Hall effect devices, HQ-106C, were placed at diagonal 
positions of a square with a side of 2.6 mm, to be at- 
tached by the flip chip bonding. At the center of the four 
Hall effect devices, a neodymlum group magnet 2 mm 
In diameter and 0.5 mm In thickness was glued to a ce- 
ramic printed circuit board with a resin, followed by coat- 
ing them by potting an epoxy resin on the Hall effect de- 
vices and magnet. The magnetization direction of the 
magnet 62 is in the vertical direction, and had a bipolar 
structure with Its top end being a north pole and bottom 
end being a south pole. 

[0107J As the printed circuit board 84, a 0.6 mm thick 
, glass epoxy board was used. The silicone resin 83 was 
0.2 - 0.5 mm In thickness . As for the rubber hardness, 
although it must be determined in accordance with the 
designed thickness, It is preferable that the standard 
rubber hardness be about 30 - 80 . As the switch 86 , a 
0 .15 mm thick tactile switch was employed. The thick- 
ness from the top surface of the printed circuit board 84 
to the top surface of the pushing member 85 was less 
than 2 mm, and the pushing member was made 6.4 mm 
in diameter. 

[0108] Figs. 22-26 are graphs illustrating output char- 
acteristics of the pointing device in accordance with the 
present Invention and magnetic flux density near the 
magnetic sensor array: Fig. 22 is a graph Illustrating out- 
puts (indicated by open diamonds) from the Hall effect 
device array In accordance with the present invention 
(an embodiment) and outputs (Indicated by solid 
squares) from an ordinary Hall effect device array with- 
out Including a magnet (example for comparison). Fig. 
23 is a graph illustrating the Z component (magneto- 
sensitive axis direction component) of the magnetic flux 
density against the position on the X axis on the mag- 
neto-sensitive plane of the Hall effect devices, In which 
solid squares represent the magnetic flux density at ref- 
erence positions caused by the magnet of the example 
for comparison (ordinary pointing device), and solid dia- 
monds represent that of the embodiment of the pointing 
device (using the magnetic sensor array in accordance 
with the present Invention). 

[0109J Fig. 24 Is a graph Illustrating changes In the Z 
component of the magnetic flux density when the mag- 
net of the pointing device Is displaced In the X axis di- 
rection in the example for comparison of Rg. 23; and 
Fig. 25 is a graph illustrating changes in the 2 compo- 
nent of the magnetic flux density when the magnet of 
the pointing device Is displaced In the X axis direction 
as in Fig. 24 In the embodiment of Fig . 23 . Rg . 26 is 
an enlarged diagram of Fig. 25; 
[0110] As described above, according to the present 
invention, the magnetic sensor array used for the point- 
ing device, which has the plurality of magnetic sensors 
disposed In specified arrangement on the printed circuit 



board to detect the magnetic flux density changes and 
to supply the coordlnatelnformatlonorvectorlnformation, 
Is configured such that it includes the magnet placed at 
th e specif i ed pos Itlon with respect to the p lu rai ity of mag- 
5 netic sensors .Thus, the magnetic sensor array can au- 
tomatically align the Initial position of the magnet used 
for the position input of the pointing device. As a result, 
using the magnetic sensor array and the magnetic sen- 
sors makes It possible to provide a high degree of ease 
10 of use to the pointing device which has a thin-walled 
structure and hence enables a large output using a mag- 
net with a small magnetic force. 
[0111] Fig. 27 is a cross-sectional view showing a 
structure of an embodiment of the pointing device and 
is manipulation adapter In accordance with the present In- 
vention. In Rg. 27 , the reference numerals 111 desig- 
nate magnetic sensors. The reference numeral 112 
designates a first magnet, 1 1 3 designates a silicone res- 
in as a first elastic member, 114 designates a printed 
20 circuit board, 115 designates a pushing member, 116 
designates a switch, 1 1 7 designates a first hollow, 1 1 7a 
designates a undercut, 1 1 8 designates a silicone resin 
as a second elastic member, 119 designates a second 
magnet, 120 designates a manipulation member and 
25 121 designates a second hollow. 

[0112] As described before, the magnetic sensors 111 
are placed symmetrically two by two along the X axis 
and Y axis on the printed circuit board 114. The magnet 
112 Is magnetized In the vertical direction. 
30 [0113] When a user displaces the silicone resin 113 
in a plane parallel to the printed circuit board 114, the 
silicone resin 113 sways on the fulcrum at the bottom of 
the undercut 11 7a, In conjunction with which the magnet 
112 sways in the same manner. 
35 [0114] The manipulation adapter, which Is fitted to the 
pushing member 115 of the pointing device, Is com- 
posed of the elastic member 1 1 6 constituting the hollow 
121 enabling the adapterto be swayed In any direction, 
the manipulation member 120 mounted on the elastic 
<o member 118, and the magnet 119 which Is fitted (em- 
bedded) Into the elastic member 118 In such a manner 
that It projects toward the second hollow 121 . 
[0115] When the second magnet 119 magnetized in 
the same direction as the first magnet 112 is fitted into 
4* the adapter, It must be placed such that it exerts attrac- 
tive powers on the magnet 112 of the pointing device. 
More specifically, when the magnet Is cylindrical, the 
magnet 1 1 9 magnetized In the direction of the hlght such 
as S-N or N-S must be placed in such a manner that it 
so exerts attractive powers on the magnet 1 1 2 of the point- 
ing device such as S-N/S-N or N-S/N-S. 
[0116] With such an arrangement, a user displaces 
the silicone resin 118 fitted to the pushing member 115 
in a plane parallel to the printed circuit board 1 1 4 by ma- 
ss nipulating the manipulation member 120. Then, the sil- 
icone resin 118 sways, and the magnet 112 moves in 
the same manner. 

[0117] As described above, the pointing device In ac- 
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cordance with the present Invention Is configured such 
that It comprises the plurality of magnetic sensors 111 
placed on the printed circuit board 114; the elastic mem- 
ber 113 placed on the printed circuit board 114 and in- 
cluding the hollow 1 1 7 for enabling the pushing member 
to sway In a desired direction; the magnet 112 attached 
to the elastic member 113; the pushing member 115 
mounted on the top surface of the first elastic member; 
the second elastic member 118 fitted to the pushing 
member 115 and Including the second hollow 121 for 
enabling the sway In a given direction; and the manipu- 
lation member 1 20 mounted on the second elastic mem- 
ber 118, and that the plurality of magnetic sensors 111 
detect the magnetic flux density changes caused by the 
displacement of the magnets 112 and 119 due to the 
elastic deformation of the elastic members 1 1 3 and 1 1 8, 
and output the coordinate Information or vector informa- 
tion. 

[01 18] The magnets 1 1 2 and 1 1 9 are freely swayable 
In the horizontal direction as described above. In addi- 
tion, they are dlsplaceable in the direction perpendicular 
to the printed circuit board 1 1 4. Thus, they have the flex- 
ibility In moving In both the horizontal and vertical direc- 
tions with respect to the printed circuit board 114. 
[01 19] Furthermore, the elastic member 113 has the 
bend In which the undercut 117a Is formed In order to 
facilitate the sway of the magnet 112. As for the shape 
of the notch, a U groove Is preferable, the depth of which 
must be smaller than the thickness of the elastic mem- 
ber 11 3. Theshape of the notch can be one of a chamfer, 
rounding and W groove. 

[0120] In the hollow 117, the switch 116 Is mounted 
on the printed circuit board 114 to provide the pointing 
device with the switch function. As the switch 1 1 6, a tac- 
tile switch Is suitable that enables a user to confirm the 
depression (with providing a feeling of a click) and au- 
tomatically returns to the normal position after pushing 
the switch as described above. 
[0121] The pushing member 115 Is preferably made 
of a rigid material to prevent the magnet 112 from being 
shaken or from being hollowed or displaced when 
pressed by a finger. In particular, to reduce the Intensity 
of the leakage magnetic field leakage outside, such a 
structure is possible that uses a non-magnetic material 
as the pushing member, and separates the magnet from 
the pushing member surface, or conversely that uses a 
ferro magnetic material with a high permeability to pro- 
vide a magnetic shield at the same time. For example, 
the pushing member 1 1 5 can be made of polycarbonate, 
or one of metals such as aluminum alloys, nickel-iron 
alloys such as permalloys and pure Iron. 
[0122] As the magnetic detecting circuit, the conven- 
tional circuit as shown In Fig . 4 is applicable . It is also 
possible to use the magnetoreslstlve elements dis- 
closed in the foregoing Japanese patent Application 
publication No.7-11 7876 (1995). 
[0123] With the foregoing structure, being pushed In 
the direction of the arrow a as Illustrated In Fig. 28A, that 
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is, from left to right, the manipulation member 120 
moves together with the elastic member 11 8 in the right 
direction on the fulcrum at the coupling end of the elastic 
member 113 and the printed circuit board 114. On the 
contrary, being pushed In the direction of the arrow b as 
illustrated in Fig. 28B, that Is, from right to left, the ma- 
nipulation member 120 moves together with the elastic 
member 118 In the left direction on the fulcrum at the 
coupling end of the elastic member 1 1 3 and the printed 
circuit board 114. Thus, the magnets 112 and 119flxed 
to the elastic members 113 and 118 are freely swayable. 
The manipulation Is carried out with the pad of the Index 
finger or that of the thumb. In this case, considering the 
fitness with the finger pad, the top surface of the manip- 
ulation member 120 Is preferably one of a roughened 
surface, concave surface, convex surface, convex 
quadrilateral pyramid and concave quadrilateral pyra- 
mid. In addition, the pushing member 115 can have a 
plane view of one of the circle, square, rectangle, octa- 
gon, ellipse and gear-like shape, and the shape of the- 
manlpulatlonmember 120 canbe fixed considering the 
shape of pushing member 115. 
[0124] Thus attaching the adapter enables the user to 
have a positive manipulation feeling Involved In a large 
movement. In addition, the magnet 119 of the adapter 
with a larger displacement offers an advantage of being 
able to Increase the sensitivity of the pointing device be- 
cause it can Increase the magnetic flux changes at the 
magnetic sensors. Furthermore, It offers an advantage 
of being able to automatically determine the Initial posi- 
tion of the pointing device and the adapter more accu- 
rately by the magnetic forces between the magnets 112 
and 119. 

[0125] Incidentally, the adapter composed of theelas- 
tic member 1 1 8 and manipulation member Is detachably 
mounted on the pushing member 1 15 In order to obtain 
a larger displacement considering the operabilrty. It is 
obvious that the magnet 1 1 2 Is dlsplaceable by the sway 
of the pushing member 1 1 5, even when the adapter Is 
not mounted. 

[0126] Although the magnet 1 12 mounted on the elas- 
tic member 113 and the magnet 119 mounted on the 
elastic member 1 18 can have the same magnetic force , 
it is advantageous . Further it is more advantageous to 
set the magnetic force of the magnet 1 1 9 greater than 
that of the magnet 112. 

[0127] Although the foregoing embodiment is de- 
scribed by way of example of the adapter having the 
magnet mounted on the elastic member 118, it is obvi- 
ous that although its effect is lessened, the adapter with- 
out the magnet can improve the operablllty. 
[0128] Fig. 29 is a cross-sectional view showing a 
structure of another embodiment of the pointing device 
in accordance with the present Invention. Although the 
magnet 119 is mounted on the elastic member 118 in 
the structure as shown in Fig. 27, this is not essential. 
For example, the magnet 1 1 9 can be fixed to the manip- 
ulation member 120a which is a nonelastlc member 
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forming a hollow 121 , together with an elastic member 
118a. 

[01 29] Fig. 30 Is a cross -sectional view showing a 
structure of still another embodiment of the manipulation 
adapter for the pointing device in accordance with the 
present Invention, in which a manipulation member 123 
is placed on the pushing member 115. The manipulation 
member 123 has a flange 123a and a convex bottom 
resting on the pushing member 1 1 5. It Includes the mag- 
net 1 1 9, and Is mounted In such a mannerthat It is sway- 
able In a desired direction . 

[0130J A hold-down member 122 is fitted to an edge 
of the pushing member 115 to limit the sway of the ac- 
tuator 123. It has an annular guiding member 122a 
placed In such a manner that It sandwiches the flange 
1 23a of themanlpulatlonmember 1 23 to prevent the ma- 
nipulation member 123 from dropping off when a user 
manipulates . In Fig. 30, the same reference numerals 
designate the portions having the same functions as 
those of Fig. 27, 

[01 31 J In such a structure, the magnet can be dls- 
. placed as shown in Fig. 28A or 28B In response to the 
sway of the manipulation member 1 23 in any desire di- 
rection within the space in the hold-down member 122 
fastened to the edge of the pushing member 115. Then, 
the plurality of magnetic sensors detect the magnetic 
flux density changes caused by the sway of the magnet 
due to the elastic deformation of the elastic member 1 1 3, 
thereby outputtlng the vector Information by calculating 
the displacement from the coordinate information or ref- 
erence position. 

[0132] Next, a prototype In accordance with the 
present Invention will be described. 
[0133] The pointing device with the structure as 
shown In Fig. 27 was made as a prototype. As the mag- 
netic sensors 111, four Hall effect devices, HQ-106C 
(development product), manufactured by Asahi Kasei 
Electronics Co. , Ltd. were used. The diagonal distance 
between the centers of the Hall effect devices was about 
3.3 mm. As the magnet 112, a neodymlum magnet 2 
mm In diameter and 0.5 mm In thickness was used. The 
magnetization of the magnet 112 Is in the vertical direc- 
tion, and had a bipolar structure with its top end being 
a north pole and bottom end being a south pole. 
[0134] As the printed circuit board 114, a 0 . 6 mm 
thick glass epoxy board was used. The silicone resin 
1 13 was 0.2 - 0.5 mm In thickness. As for the rubber 
hardness, although It must be determined In accordance 
with the designed thickness, it is preferable that the rub- 
ber hardness be about 30 - 80. As the switch 116 , a 
0.15 mm thick tactile switch was employed. The thick- 
ness from the top surface of the printed circuit board 1 1 4 
to the top surface of the pushing member 115 was less 
than 2 mm, and the pushing member was made 6.4 mm 
in diameter. 

[0135] As for the sizes of the manipulation member 
120 and 120a In Figs. 27 and 29, although they are not 
limited In particular, they are preferably 10 - 20 mm In 
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diameter because the manipulation member are easy 
to manipulate when their sizes are adjusted to the tip of 
the finger. As for the height of the adapter, about 4 mm 
is desirable. 

[0136] As forthe size of the manipulation member 123 
of the adapter In Fig. 30, It Is preferable that the width 
of the circumferential flange 123a be about 1 mm, the 
diameter of the convex bottom be about 3 mm, and the 
height be about3 mm. In addition, It is desirable that the 
gap between the hold-down member 122 and the ma- 
nipulation member 123 be about 1 mm, and the height 
of the hold-down member 122 be about 3 mm. 
[0137] Incidentally, the embodiments of the pointing 
device as shown In Figs. 27 and 29 are characterized 
In that they can cope with the fine movement by physl 
cally multiplying the movement to Increase the sensitiv- 
ity of the pointing device. In contrast, the embodlmen 
of the pointing device as shown In Fig. 30 Is mainly char- 
acterized in that the manipulation member of the adapt- 
er can provide a user with an easy-to-move manlpula 
tlon feeling. 

[0138] Fig. 31 Is a graph Illustrating relationships be- 
tween the displacement of the magnets and the outputs 
of the pointing devices. In Fig . 31 , the open circles In- 
dicate the case of the normal pointing device withoutthe 
adapter, the solid circles Indicate the case of the pointing 
device with the adapter of Fig. 27, and open stars indi- 
cate the case where only the adapter of Fig. 30 Is ma- 
nipulated. Manipulation of the pointing device with the 
adapter of Fig. 30 In such a manner that the adapter and 
the pointing device itself move simultaneously can pro- 
vide the large outputs as Indicated by the solid circles 
In Fig. 31 . As Is seen from the output characteristics, the 
outputs of the pointing device vary nearly linearly with 
the displacement of the magnets, which enables the 
practical use of the pointing devices. 
[0139] As described above, the pointing device ma- 
nipulation adapter In accordance with the present Inven- 
tion Is configured such that It Includes the elastic mem- 
ber which Is fined to the pushing member of the pointing 
device, and constitutes the hollow enabling the sway In 
any desired direction, and the manipulation member 
mounted on the elastic member, and that the plurality of 
magnetic sensors detect the magnetic flux density 
changes caused by the displacement of the magnet of 
the pointing device due to the elastic deformation of the 
elastic member, and outputs the coordinate Information 
or vector Information. As a result, the present Invention 
can implement the pointing device manipulation adapter 
with a high degree of ease of use, which can produce 
the large output by using the small magnetic force mag- 
net. 

INDUSTRIAL APPLICABILITY 



[0140] As described above, the pointing device in ac- 
cordance with the present invention is configured such 
that It Includes the magnet mounted on the elastic resin 
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to produce magnetic forces, and the magnetic sensors 
placed on the printed circuit board, and that the mag- 
netic sensors detect the ambient magnetic flux density 
changes caused about by the displacement of the mag- 
net, thereby outputtlng the coordinate values of the input $ 
point. Thus, the present invention can provide the mag- 
netic detecting type pointing device capable of reducing 
the number of components such as the colled spring 
necessary for the conventional magnet support struc- 
ture.facilltatlng the assemblyand achieving downsizing io 
and prolonging the life, thereby being able to provide the 
pointing devices suitable for a variety of applications. 



Claims 
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1 . A pointing device comprising: 
a printed circuit board; 

a resin layer on the printed circuit board; 20 
a magnet placed on and protruding from said 
resin layer; and 

a plurality of magnetic sensors placed to said 
printed circuit board, for detecting ambient 
magnetic flux density changes caused by dis- 25 
placement or Inclination of said magnet, 
wherein 

said pointing device outputs coordinate values 
of an input point. 

30 

2. The pointing device as claimed in claim 1 , wherein 
said resin layer consists of an elastic resin. 

3. The pointing device as claimed In claim 1 , wherein 

. said resin layer and said printed circuit board do not 35 
have their opposing faces glued. 

4. The pointing device as claimed In claim 1 , wherein 
said resin layer consists of a silicone resin. 

40 

5. The pointing device as claimed In claim 1 , wherein 
said magnet and resin layer are replaced by a rub- 
ber magnet. 

6. The pointing device as claimed In claim 1 , wherein 45 
said magnetic sensors are placed symmetrically 
along X axis and Y axis on a plane, and said magnet 
Is disposed at about a center of said magnetic sen- 
sors. 

, 50 

7. The pointing device as claimed In claim 1 , further 
comprising a switch on said resin side surface of 
said printed circuit board. 

8. The pointing device as claimed In claim 7, further 55 
comprising a protrusion formed on said resin layer 
and facing said switch, wherein said protrusion is 
provided for depressing said switch. 



9. The pointing device as claimed in claim 7 , wherein 
said switch is a tactile switch. 

10. The pointing device as claimed in claim 1 , wherein 
said resin and said magnet are glued at only a cent- 
er of said magnet. 

11. The pointing device as claimed In claim 10, wherein 
said resin layer has a hollow at a portion and the 
surroundings where said magnet Is placed, said 
hollow being formed by making said resin layer at 
the portion where said magnet is placed thinner 
than a remaining portion of said resin layer where 
said magnet is not placed . 

12. The pointing device as claimed In claim 1 1 , wherein 
said resin layer comprises at least one projection 
toward said printed circuit board In said hollow. 

13. The pointing device as claimed In claim 1 2, wherein 
said projection Is placed near an outer edge of said 
hollow. 

14. A pointing device comprising: 

a printed circuit board; 

a plurality of magnetic sensors placed on said 
printed circuit board; 

an elastic member mounted on said printed cir- 
cuit board to constitute a hollow for enabling 
sway in any desired direction; 
a pushing member formed on said elastic mem- 
ber to constitute said hollow together with said 
elastic member; and 

a magnet fixed to said push ing member, where- 
in 

said plurality of magnetic sensors detect mag- 
netic flux density changes caused by the dis- 
placement of said magnet due to elastic defor- 
mation of said elastic member, and output one 
of coordinate Information or vector Information 
about an input point. 



15. A pointing device comprising: 
a printed circuit board; 

a plurality of magnetic sensors placed on said 
printed circuit board; 

an elastic membermounted on said printed cir- 
cuit board to constitute a hollow for enabling 
sway In any desired direction; and 
a magnet placed on said elastic member, 
wherein 

said plurality of magnetic sensors detect mag-, 
netic flux density changes caused by said dis- 
placement of said magnet due to elastic defor- 
mation of said elastic member, and output one 
of coordinate Information or vector Information 
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about an Input point. 

16. The pointing device as claimed in claim 14 or 15, 
wherein said magnet Is dlsplacable In a direction 
perpendicular to said printed circuit board. 

17. The pointing device as claimed in claim 14 or 15, 
wherein said elastic member has at least one bend 
that forms said hollow. 

18. The pointing device as claimed In claim 17, wherein 
said bend Includes a U grooved undercut. 

19. The pointing device as claimed In claim 18, wherein 
said U grooved undercut has a depth less than a 
thickness of said elastic member. 

20. The pointing device as claimed In claim 1 7, wherein 
said bend of said elastic member has a chamfer or 
rounding. 



27. A pointing device using the magnetic sensor array 
as defined In any one of claims 24-26. 



28. 



21. 



The pointing device as claimed In claim 15, wherein 
said elastic member has a pushing member on its 
top surface. 



22. The pointing device as claimed In claim 14 or 15, 
further comprising a switch on the hollow side sur- 
face of said printed circuit board. 

23. The pointing device as claimed in claim 22, wherein 
said switch is a tactile switch. 

24. A magnetic sensor array for a pointing device, said 
magnetic sensor array comprising: 

a printed circuit board; 

a plurality of magnetic sensors placed on said 
printed circuit board In a specified arrange- 
ment, for detecting magnetic flux density 
changes and for outputtlng coordinate Informa- 
tion or vector information about an Input point; 
and 

one of a magnet or a ferromagnetic material 
placed at a specified position with respect to 
said plurality of magnetic sensors. 

25. The magnetic sensor array as claimed In claim 24, 
wherein said one of a magnet or a ferromagnetic 
material is placed at an equidistant position from 
said magnetic sensors. 



A pointing device manipulation adapter comprising 
a magnet, wherein said pointing device manipula- 
tion adapter is to be fitted to a pointing device In- 
cluding a magnet and a plurality of magnetic sen- 
sors for detecting a position of said magnet. 

w 29. The pointing device manipulation adapter as 
claimed in claim 28, further comprising an elastic 
member to be fitted to said pointing device, and an 
actuator mounted on said elastic member. 

« 30. The pointing device manipulation adapter as 
claimed In claim 29, wherein said magnet is embed- 
ded In said elastic member. 

31. The pointing device manipulation adapter as 
*> claimed In claim 29, wherein said magnet is embed- 
ded in said manipulation member. 



32. The pointing device manipulation adapter as 
claimed In claim 28 , further comprising a hold-down 
member to be fitted to said pointing device; and a . 
manipulation member whose displacement is re- 
strained by said hold-down member. 



25 



33. The pointing device manipulation adapter as 
so claimed in claim 32, wherein said magnet is embed- 
ded in said manipulation member. 

34. A pointing device manipulation adapter comprising: 
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an elastic member that is to be fitted to a push- 
ing member of a pointing device, and that con- 
stitutes a hollow for making said elastic mem- 
ber swayable In any desired direction; and 
a manipulation member mounted on said elas- 
tic member, wherein 

said pointing device Includes a magnet and a 
plurality of magnetic sensors for detecting mag- 
netic flux density changes caused by displace- 
ment of said magnet due to elastic deformation 
of said elastic member, and outputs one of co- 
ordinate Information and vector Information 
about an Input position. 



26. The magnetic sensor array as claimed in claim 24, 
wherein said magnetic sensors consists of four 
magnetic sensors placed at equidistant positions 
from said one of a magnet or a ferromagnetic ma- 55 
teriai, which is placed at a center of said magnetic 
sensors. 



35. The pointing device manipulation adapter as 
50 claimed in claim 34, further comprising a magnet 
fitted Into said elastic member, said magnet project- 
ing toward said hollow. 



36. The pointing device manipulation adapter as 
claimed in claim 33, further comprising a magnet 
mounted on said manipulation member, said mag- 
net projecting toward said hollow. 
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37. A pointing device manipulation adapter comprising: 

an elastic member placed on a pushing mem- 
. ber of a pointing device, and swayable in any 
desired direction; 5 
a manipulation member mounted on said elas- 
tic member; and 

a hold-down member fitted to an edge of said 
pushing member for restralng displacement of 
said manipulation member, wherein 10 
said pointing device includes a magnet and a 
plurality of magnetic sensors for detecting mag- 
netic flux density changes caused by displace- 
, ment of said magnet due to elastic deformation 
of said elastic member, and outputs one of co- *5 
ordinate information and vector Information 
about an input position. 

38. The pointing device manipulation adapter as 
claimed In claim 37, further comprising a magnet 20 
included in said manipulation member. 
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